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Abstract 
Superplastic behaviour of certain metals and alloys having very fine grains, very large tensile elongations are obtained within 
certain temperature ranges at low strain rates.  In this work, Al-alloy superplastic sheet material was considered. The AA 7075 
sheets were subjected to the modified thermomechanical treatment, to obtain the average grain size of 10 μm in less processing 
time. These alloys can be formed into complex shapes by superplastic forming, a process that employs common metalworking 
techniques. This paper aims to study the formability, thickness distribution, cavitation effect and microstructure feature for 
aluminium material by considering variable parameters such as forming pressure from 0.2 MPa, 0.3 MPa and 0.4 MPa and the 
sheet thickness of 2 and 1.5 mm. The 2 mm sheet gives better results of 0.4 MPa for both high thinning factor of 0.9466 and less 
cavity volume fraction of 4.4%. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
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1. Introduction 
Superplastic alloys can be formed by such bulk deformation processes as compression moulding, closed-die 
forging, coining, and extrusion. Sheet forming of these materials can also be carried out using such operations as 
thermoforming, vacuum forming, and blow forming. Padmanabhan (2001) reported that the Superplastic sheet metal 
forming allows the production of complex parts that are not formable under normal conditions. Superplasticity is 
associated with slow strain rates, usually in the range 10-4 sec-1 to 5×10-3 sec-1 that can lead to relatively long forming 
times involving several minutes. Superplasticity is confined with a limited range of temperatures, > 0.5 Tm, where Tm 
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is the melting point in degrees Kelvin. The problems related to the non uniform thickness distribution and cavitations 
often occur during the superplastic forming of Al alloy sheet, leading to a degradation of the mechanical properties of 
the superplastically formed parts. Superplastically formed parts find many uses, particularly in aerospace engineering.   
Xing et al. (2004) reported that the Aluminium alloys can be used in the fabrication of airframe control surfaces 
and small scale structural elements, where low weight and high stiffness are required. Very little attention has been 
given for studying the effect of different pressure on the different sheet thickness. The objective of this work is to 
study the effect of three different pressure value (0.2, 0.3 and 0.4 MPa) and two different sheet thickness (1.5 and 2 
mm) of superplastic forming process. For Al alloy the forming temperatures are 530˚C, so the problem of 
maintaining small grain sizes required special attention. Al alloys are prone to cavitation during superplastic flow. 
Youssef Aoura et al. (2004) concluded Using the optimum process parameters not only reduced the forming time, 
but also maintained the integrity of the formed parts. This study focused mainly on the thickness distribution and 
evolution of cavitation during deformation. 
2. Experimental Details and Procedure 
A commercial AA7075 5 mm sheet was used for the experiment. Smolej et al. (2001) and  Prabhakar Reddy et al. 
(2003) reported that the thermomechanical treatment (TMT) of this alloy sheet involved several processes, for the 
purpose of refining the grain size.  In this study, to produce a very fine grained microstructure, using the modified 
Taharsahraoui et al. (2003) method, reducing the overall processing time, this consists of different stages as shown 
in Table 1. 
 
Table 1. Thermomechanical treatment process 
Step Temperature Time Conditions 
Solution treatment 500°C 1.0h Furnace cooling to 380°C 
Overaging 380°C 2.0h Furnace cooling to 190°C 
Warm rolling 180°C 65-85% Reduction of thickness 
Recrystallization 500°C 0.5 h Water quench 
Aging 180˚C 0.5h Water quench 
 
 
The forming die consists of the top and bottom parts. The sheet holding provision is in the bottom part, to hold 
the thermomechanically processed 2 mm and 1.5 mm thick sheet blanks, and the top die is of a rectangular shape. 
Fig.1 (a) shows the experimental setup and Fig.1 (b) shows the forming die. In the experiment the test piece was 
clamped between the two parts of the die. The accuracy of the electric furnace was maintained within ± 2˚C by 
using a controller, and compressed air was allowed to deform the specimen under a constant forming pressure of 
0.2, 0.3 and 0.4 MPa. Optical microscopy was used to study the microstructural changes of the samples.  
 
a)     (b)  
Fig. 1. (a)  Experimental setup and (b) Forming die. 
894   G. Kumaresan and K. Kalaichelvan /  Procedia Materials Science  6 ( 2014 )  892 – 896 
 
The experimental work was divided into two segments; in the first segment, three samples, A, B and C 
were considered. Sample A was formed under a constant forming pressure of 0.2 MPa; sample B under 0.3 MPa, 
and sample C under 0.4 MPa. The forming process of samples A, B and C was performed at 530˚C, and the forming 
time was 120 minutes. The formed samples were taken out from the die setup, and the thickness were measured, 
using a digital micrometer. For all the samples, the initial sheet thickness was 2 mm. In the second  segment, three 
samples, D, E and F were considered. Sample D was formed under a constant forming pressure of 0.2 MPa; sample 
E under 0.3 MPa, and sample F under 0.4 MPa. The forming process of samples D, E and F was performed at 
530˚C, and the forming time was 120 minutes. The formed samples were taken out from the die setup, and the 
thickness were measured, using a digital micrometer. For all the samples, the initial sheet thickness was 1.5 mm. 
3. Results and discussion  
Sample A and D were formed under forming pressure of 0.2 MPa this pressure was not suitable for high 
formability with uniform thickness and less cavitation of superplastic forming, because of this forming pressure the 
grains offer more resistance up to that frictional limit,  so identified heavy fracture region in sides. Sample B and E 
were formed under forming pressure of 0.3 MPa gives the good formability because of the grains slides easily in the 
forming pressure. Compare to sample B the sample E gives the good results in the thickness distribution as well as 
the cavity effect. Sample C and F were formed under forming pressure of 0.4 MPa also gives good formability 
because of the optimal strain rate for superplastic forming. Compare to sample F the sample C gives the good results 
in the thickness distribution as well as the cavity effect. But, beyond a certain forming pressure the bulge height 
decreased because of premature failure with a further increase in the forming pressure. Fig.2 (c) shows the formed 
component and Fig. 2 (d) shows the different places of the thickness measurement in the formed component. Fig. 3 
(e) shows the comparison of the microstructure of the Al alloy before TMT, after TMT, and after the superplastic 
forming test; a small grain growth was noticed after the superplastic forming test. Table 2 shows the thickness 
measurement at different place in the formed component. 
(c)     (d)  
Fig. 2 (c) Formed component and (d) Different places of the thickness measurement 
                                                            Table 2. Thickness measurement in the formed component 
Position Thickness at different position (mm) 
Sample A Sample B Sample C Sample D Sample E Sample F 
1 2 2 2 1.5 1.5 1.5 
2 1.66 1.66 1.66 1.28 1.29 1.30 
3 1.59 1.60 1.63 1.19 1.22 1.21 
4 1.62 1.65 1.64 1.26 1.27 1.28 
5 1.73 1.70 1.68 1.31 1.31 1.32 
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Before the TMT the average grain size was 17 μm, after the TMT the average grain size was 10 μm, and after the 
superplastic forming test the average grain size was 13 μm.  Table 3 shows the thinning factor, grain size and cavity 
volume fraction of the formed samples A, B, C, D, E and F.       
     
                                              Table 3. Thinning factor and cavity volume fraction of the formed samples 
Sample 
 
Average 
Thickness 
tavg (mm) 
Thickness at 
Critical(corner) 
Point, tcritical(mm) 
Thinning Factor 
(tcritical/tavg) 
Grain size   (μm) Cavity volume fraction  
( %) 
A 1.7228 1.598 0.9275 12 5 
B 1.722 1.6 0.9292 12 6 
C 1.72 1.63 0.9466 12 4.4 
D 1.308 1.19 0.9098 13 7 
E 1.318 1.22 0.9256 13 6 
F 1.322 1.21 0.9153 13 7.4 
 
(e)        
 
Fig 3. (e) Microstructure of the specimen 
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4. Conclusions 
An analysis of thickness distribution and cavitations of an AA7075 aluminium alloy through usage of various 
forming pressure and sheet thickness were undertaken in this study. The following conclusions could be drawn on 
the basis of this study. 
x The 7075 aluminium alloy can be thermomechanically treated to produce a refined grain size of 8 – 10 
micrometer with less processing time. 
x For 1.5mm thick sheet, the forming pressure of 0.3MPa is the best for both high thinning factor of 0.9256 
and less cavity volume fraction of 6%. 
x For 2mm thick sheet, the forming pressure of 0.4MPa is the best for both high thinning factor of 0.9466 and 
less cavity volume fraction of 4.4%. 
x The integrity of the formed component not only based on the forming pressure and also depended on the 
starting sample thickness. 
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